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成分进行表征。同时发挥 HPLC 的分离能力, 一次测定就可对 19 种丹参酮类化













察了丹参主要活性成分丹参酮 IIA 对西药华法林(WAR)代谢过程的影响, 尝试对




因素, 因为在丹参酮 IIA 与华法林混合给药情况下, 经历相同的代谢时间后, 在
大鼠尿液及血液中检测到大量的华法林代谢物, 而在华法林单独给药的大鼠尿
液和血液中则只能检测到极少量代谢物的存在。实验结果比较清楚地反映了丹参
酮 IIA 与华法林相互作用的过程, 并可由此对临床上丹参与华法林相互作用的机
理进行解释。 
4. 发展了电喷雾飞行时间质谱(ESI/TOFMS)技术用于蛋白-配体非共价复合
物的检测, 并利用该方法研究了丹参主要成分的水溶性衍生物(丹参酮 IIA 磺酸
钠, STS)与人血清白蛋白(HSA)的非共价相互作用以及 STS 对 HSA 与华法林
(WAR)结合形成的复合物的影响。研究结果表明: 丹参成分 STS 具有与 HSA 较















HSA 高度结合, 但在加入 STS 后, 能观察到 HSA-WAR 复合物含量明显下降, 而
HSA-TS 含量明显升高, 说明 STS 将 WAR 从其与 HSA 的结合位点上置换下来, 
形成游离态 WAR。实验结果非常明确地证明了之前对丹参成分与华法林相互作
用机理的推断, 即丹参成分将结合态华法林转变为游离态, 显著提高了华法林的

























































Danshen, the rhizome of Salvia miltiorrhiza Bunge, is one of the most important 
ancient Chinese herbal drugs. It was recorded originally in Shen-Nung’s Pen-Ts’ao，
the classic ancient Pharmacopoeia of China, and ranked as a ‘‘Supergrade’’ 
medicine by the manuscript. Because of its reported biopharmaceutical properties of 
improving microcirculation, causing coronary vasodilatation, suppressing heart 
angina, inhibiting coronary artery spasm, and protecting against myocardial ischemia 
and infarction, Danshen has been widely used in traditional Chinese medicine (TCM) 
for patients with coronary heart diseases. According to their structural characteristics 
and physiochemical properties, the constituents of Danshen have been divided into 
two groups. The first group contains phenolic acids such as danshensu, 
protocatechualdehyde and salvianolic acid, which are water-soluble. The second 
group contains abietane type-diterpene quinone pigments such as tanshinone IIA and 
cryptotanshinone, which are primarily lipophilic. Both groups contribute to the 
biological activities of Danshen. 
In TCM, Danshen as a medicinal herb has always been treated as a single entity, 
used either alone or in combination with other herbs. The detailed active components 
of the herb and their structure-property relationship are not studied until very recently.  
Because of the advance in modern chemical analytical instrumentation in recent years, 
many different kinds of analytical tools have been applied to the extraction, separation, 
purification and identification of individual components of Danshen. Chemical 
compositional fingerprinting techniques have also been developed to meet the needs 
in authentication and quality evaluation. All of these recent studies have expanded our 
understanding and the application of the herb. Nowadays, the study of TCM needs 
novel development along with the advancement of modern analytical skills. To 
modernize TCM, the traditional “holistic” approach should be supplemented by 
“detailed” biochemical analysis. The latter means that it is important to understand the 
acting mechanism of individual component in a biological process at the molecular 
level, more than a simple exploration of the pharmic efficacy of the whole TCM based 
on empirical experience. So the methods of liquid chromatography (LC) coupled with 















of the lipid-soluble components of Danshen as well as their interactions with drugs 
and proteins. Major findings of the study can be outlined as follows: 
1. A method of coupling high performance liquid chromatography (HPLC) 
coupled with electrospray ionization time-of-flight mass spectrometry (ESI/TOFMS) 
was developed for the separation and identification of multiple tanshinones in the 
lipid-soluble extracts of Danshen. The fragmentation pathways of tanshinones as 
revealed by the ESI/MS MS spectra was proposed. The results showed that this 
method was effective for the analysis of multiple components in complicated matrix. 
The ability of high resolution of TOFMS for mass measurement can help acquire the 
elemental compositions of compounds through the exact mass measurement, and to 
differentiate individual compounds with different elemental compositions but having 
similar molecular weights. So TOFMS can be used to identify the components of 
TCM effectively without standards. Combined with the separation power of HPLC, a 
total of 19 different species of tanshinones were simultaneously identified in a single 
run. Our results illustrate that the method of HPLC-ESI/TOFMS is a powerful tool for 
the analysis of multiple components of TCM or natural products, and is expected to 
become more and more important in the future.  
2. HPLC coupled with electrospray ionization ion-trap mass spectrometry 
(ESI/ITMS) was developed for the study of the metabolism of tanshinones. The 
metabolites were monitored under the full-scan MS analysis mode, and the 
fragmentation mechanism of metabolites in MS/MS spectra were described. The 
results showed that the hydroxylated and dehydrogenated products of tanshinones 
were the major metabolites in phase I metabolism, followed with O-glucuronidation 
of hydroxy-tanshinones in phase II metabolism, then the metabolites were excreted 
with urine. Metabolism of multiple tanshinones in cassette was studied for the first 
time, showing that individual tanshinone components could be interconverted in the 
process of metabolism. The occurrence of these processes affected further the 
metabolism behavior of individual tanshinone, and the phenomenon confirmed that 
the pharmic efficacy of the whole TCM were caused by the concerted actions of 
multiple components.  
3. This study described a method of HPLC-ESI/ITMS to observe the influence of 
tanshinone IIA (TIIA) on the metabolism of warfarin (WAR). Based on the technique, 















showed that TIIA could influence the metabolism of WAR in two ways. First, TIIA 
could compete with WAR for enzymatic metabolism, which slowed down the 
metabolic rate of WAR. Secondly, on the other hand, TIIA also could compete with 
WAR for combination reactions with serum albumin (SA), which increased the 
concentration of free WAR in blood, and thus accelerating the metabolic rate of WAR. 
When rats were orally administrated with a mixture containing TIIA and WAR, the 
concentrations of the metabolites of WAR detected in urine were much higher than 
those detected in the urine excreted by the rats orally administrated with WAR alone. 
The fact indicated that TIIA accelerated the metabolic rate of WAR, and this 
represented the dominant influence of TIIA on WAR. The interaction of TIIA and 
WAR indicated the likely mechanism of interaction between TCM Danshen and 
WAR. 
    4. A novel method of ESI/TOFMS was developed for the study of protein-ligand 
noncovalent complex, including the detection of the noncovalent combination of 
sulfotanshinone IIA sodium (STS) and human serum albumin (HSA), and the 
influence of STS on HSA-WAR complex. The results showed that STS had high 
affinity towards HSA, and could combine with HSA at different stoichiometry ratios 
to form noncovalent complex. WAR is also a kind of high protein-bound drug. 
However, after the addition of STS, the concentration of HSA-WAR decreased 
noticeably along with the obvious increase of the concentration of HSA-TS. The 
observation indicated that STS could displace WAR from its binding site with HSA, 
and release WAR into free forms. This result supported the proposed mechanism of 
interaction between Danshen and WAR as raised before, namely, the components of 
Danshen could transform the combined WAR to its free form, thus increasing the 
concentration of free WAR in blood. The process enhanced the pharmic efficacy of 
WAR, resulting in over-anticoagulant, or even bleeding, and this explained the 
side-effect of using Danshen together with WAR. This method provided a new way to 
study the drug acting mechanism.   
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